INTRODUCTION
THE maximum number N,(d) of ordinary double points (nodes, for short) a hypersurface of degree d in P" can have, has been the subject of investigation of several authors. (We refer to [l] for an overview.) The best upperbound so far known for n 2 4 is the so-called spectral bound, obtained by Varchenko (1131) . For hypersurfaces in P4 of low degree one obtains from this: 
N4(5) I 135
In fact, N,(3) = 10, realised by the Segre Cubic ([l l]), and also N,(4) = 45, realized by the Burkhardt Quartic ( [4] ). These remarkable threefolds are uniquely determined by having these singularities (see [12] , [9] , and [S] ). There is a very rich geometry associated with these varieties (see e.g. [12] , [2] , [S] ).
In [7] Hirzebruch constructed a quintic with 126 nodes. In this note we present a quintic & in P4 with 130 nodes, thus narrowing down the possibilities for N4 (5) The space of &-invariant quintics in the P4 defined by St = 0 is spanned by S5 and SzS3. For each quintic in the pencil we shall determine the singular locus. For this purpose it is convenient to express the Si in terms of the power sums: The sum of the last two gives the first equation, whereas substraction leads to: u(u2 + 4) = UA(2U2 + 7).
The solution u = 0 brings us back to Case 3, so we assume u # 0. Hence 0 = (21 -1)~' + (7L -4), which in combination with the first equation gives as solutions:
Case 6. We may assume that (q) = (x:x:x:u -x:u -x: -2u -x). The case x = 0 leads to I = 4, i.e. (cr:p) = (l:O), so we take x = 1. One has: C2 = 6(u2 + I), C3= -6u2(u+3), Cq=6(3u4+4u3+6u2+ 1). Equating PA(X) to zero for X = 1, X = u -1 leads to: u2(3u2 + 4u + 6)= 2u2;i(3u2 + 2u + 9) U(U3 + 4u2 + 2) = 2ul(u3 + 5u2 -3u + 3).
The determinant of this equation system for I is
The solutions u = 0, u = 2, u = -1 lead us back into the Cases 4, 2 and 3, respectively. Case 7. We may assume that (r]) = ( x:x:y:y:z:z) withx + y + z = 0. This implies that the fourth root t of Pn has to be zero. If we denote by si the i-th power sum in and by (Ti the i-th elementary symmetric function in x, y, z, we can write Ci = 2si and so:
So we obtain the following equations:
We conclude that if 1 = 4, then there are no additional conditions on x, y, z, whereas 2 # i leads to ~~ = .s3 = 0, which implies x = y = z = 0. But the first equation follows from the second, and for each value of I we find two values for 2 as solution of (2L -l)z2 + (4n -1) = 0.
We can summarize the results of the above analysis in the following theorem: Remarks. The 10 Segre points are also the singular point of the Segre Cubic. On each of the 45 lines connecting two Segre nodes we find a pair of points, moving over these lines as we vary (~1: /3), whence the name moving nodes. The above computation does not show that these point are really nodes. This has to be checked in each case. However, for the variety _,@ there is an argument that all 130 singularities are nodes, because if one point were not a node, then by symmetry we would have a X,-orbit and this is not allowed by the spectral bound. To be more precise, the spectrum of the cone over a smooth quintic in P3 is as follows: The spectral bound is that the total number of spectral numbers of all the singularities of a quintic c P4 in any interval (a, a + 1) is less than the number of spectral numbers of the above spectrum in the same interval. If we take the interval ($, y), we find N4(5) I 135. Now any singularity worse than A1 is adjacent to AZ, which implies that in any open interval of length one that contains [ y-, y], there are at least two spectral numbers of this singularity. But ($, 9) is such an interval. If, say, the smallest &-orbit would consist of singularities worse than a node, then we would find at least 140 spectral numbers in this interval, contradicting the spectral bound. Hence, all singularities have to be nodes. It can be checked that the singularity transverse to a general point of a singular line of J11,_ *: 1l and of _&'(r :0) is also an ordinary double point.
The variety J&Z',_,:,, has only 10 singular points, but these are not ordinary double points. For this value of (c(: p) the 90 moving nodes coalesce in 9-tuples with the 10 Segre nodes. The resulting singularity I call a Del Pezzo node, as it is locally isomorphic to the cone over the cubic surface in P3.
The variety A(, :0J is defined simply by S5 = 0. It is the Hessian of the Segre Cubic. In [3] this variety is called Nieto's threefold and is related to the moduli space of abelian surfaces with (1: 3)-polarization.
A similar analysis of the pencil 8, 11, 14) , (0; 9, 12, 15). Apart from these 5 lines through the Segre node, there are 9 lines of the type (1,4; 9, lo), etc., containing two extra and two moving nodes. As each of these 14 lines contain 4 nodes, they have to be contained in M. As we have more than 5 of such lines all lying in the plane, we conclude that the whole plane has to be contained in A. The configuration of the 10 planes intersecting in a Segre node obviously lies on a quadric cone, which has to be the tangent cone of Jkz at the node. We can conclude that for reasons of degree these 10 planes together form the complete intersection of the quadric cone and 4. (Note that H3(_%) is also equal to the weight-three part Grr( H3( J%?)) of the mixed Hodge structure H3(~).) In particular, we see that A? is rigid. The same holds for the 126 nodal Hirzebruch quintic and the 125 nodal Schoen quintic (see [lo] ). The L-function of H3(s) is equal to the L-function of the unique weight four cuspformfor the group r,(6). This can be checked by counting points modulo p and comparing with a table of Fourier coefficients of modular forms. (I thank B. van Geemen for doing this calculation.) The same L-function is associated to the varieties JZ( _ *: 1j and AC, : oj. These facts suggest that there are correspondences of these varieties with the elliptic modular threefold of r, (6) . However, A, _ 3 : 1J gives rise to a weight four form for T0(21). Also, it seems to be of interest to study the Picard-Fuchs equation for this family, as there seems to be a rank four piece of the cohomology splitting off. These matters will be discussed in a subsequent paper.
